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IV.  Scientific  Progress  and  Accomplishments 

Ground  penetrating  radar  (GPR)  has  been  a  topic  of  intense  research  for  several  decades. 
As  part  of  these  studies,  significant  attention  has  been  directed  toward  understanding 
electromagnetic  propagation  in  the  earth,  as  well  as  on  the  study  of  scattering  from  buried 
targets.  The  insight  gained  from  such  phenomenological  studies  can  be  applied  to  the 
development  of  new  signal  processing  and  imaging  schemes,  as  well  as  to  the  design  of 
new  GPR  systems. 

Most  previous  investigations  of  GPR  phenomenology  have  examined  narrowband 
operating  conditions.  Recently,  however,  there  has  been  an  interest  in  ultra-wideband 
short-pulse  radar  for  ground  penetrating  applications.  Such  systems  generate  short  pulse 
waveforms  with  large  instantaneous  bandwidth,  giving  rise  to  time-domain 
phenomenology  which  is  fundamentally  different  than  that  of  narrowband  systems.  As  a 
first  step  toward  understanding  the  wave  physics  associated  with  short-pulse  scattering 
from  buried  targets,  we  consider  in  this  project  short-pulse  plane-wave  scattering  from 
buried  perfectly  conducting  bodies  of  revolution  (BOR).  To  make  such  a  study  tractable, 
the  soil  is  modeled  as  a  lossy,  dispersive  halfspace,  and  the  axis  of  revolution  of  the 
buried  target  is  assumed  normal  to  the  air-ground  interface;  this  assumption  restricts  the 
target  orientation  but  allows  one  to  view  the  target-halfspace  composite  as  a  single  BOR. 
We  solve  the  scattering  problem  in  the  frequency  domain  via  the  Method  of  Moments 
(MoM),  using  an  algorithm  analogous  to  those  developed  previously  for  scattering  from 


BORs  in  free  space.  After  performing  the  MoM  analysis  over  the  bandwidth  of  the 
incident  pulse,  the  time-domain  scattered  fields  are  synthesized  via  Fourier  transform. 

Several  authors  have  investigated  the  MoM  analysis  of  plane-wave  scattering  from 
conducting,  dielectric,  and  hybrid  BORs  in  free  space.  These  algorithms  take  advantage 
of  the  azimuthal  periodicity  inherent  in  the  incident  fields,  induced  currents,  and  the  free- 
space  Green's  function.  The  case  of  scattering  from  a  buried  BOR  is  complicated 
significantly  by  the  fact  that  the  half-space  Green's  function  is  a  dyadic,  each  term  of 
which  is  expressed  in  terms  of  highly  oscillatory  Sommerfeld  integrals  and  their  spatial 
derivatives.  Thus,  to  make  the  MoM  analysis  of  a  buried  BOR  tractable,  highly  efficient 
techniques  are  required  for  the  computation  of  the  dyadic  half-space  Green's  function; 
this  is  especially  true  for  the  wideband  applications  of  interest  here. 

To  compute  the  components  of  the  half-space  Green's  function  efficiently  over  wide 
bandwidths,  we  employ  the  method  of  complex  images.  In  this  technique,  the  spectral 
Green's  function  inside  the  Sommerfeld  integral  is  fit  via  Prony's  method  (or  any  other 
parametric  algorithm,  such  as  the  matrix-pencil  method  to  a  finite  sum  of  complex 
exponentials,  the  integrals  of  which  can  be  expressed  in  closed  form  via  Sommerfeld's 
identity.  This  formulation  is  highly  efficient  because  the  numerical  burden  is  shifted  from 
laboriously  computing  the  Sommerfeld  integrals  via  brute-force  numerical  integration  to 
the  relatively  efficient  task  of  performing  a  parametric  fit  to  the  spectral  Green's  function. 
Of  importance  for  the  BOR  problem,  after  applying  the  method  of  complex  images,  each 
component  of  the  dyadic  Green's  function  is  written  as  a  sum  of  free-space  Green's 
function  (or  its  spatial  derivatives)  with  complex  source  points.  Thus,  after  applying  the 
method  of  complex  images,  the  techniques  used  for  the  MoM  analysis  of  scattering  from 
BORs  situated  in  freespace  -  which  take  advantage  of  properties  of  the  freespace  Green's 
function  -  can  be  transferred  directly  to  the  problem  of  scattering  from  buried  BORs. 

The  development  of  the  method  of  complex  images  represents  a  seminal  advance  in  that 
it  now  makes  possible  the  efficient  analysis  of  wideband  scattering  from  complex  buried 
structures.  Algorithms  which  have  been  developed  previously  for  buried-target  scattering 
-  which  were  restricted  to  narrowband  applications  due  to  the  inherent  difficulty  in 
efficiently  computing  Sommerfeld  integrals  -  can  now  be  updated  for  wideband 
operation.  This  project  demonstrates  how  this  can  be  achieved  through  consideration  of 
short-pulse  scattering  from  buried  perfectly  conducting  BORs.  Although  short-pulse 
scattering  has  been  considered  previously  for  buried  conducting  wires,  to  the  best 
knowledge  of  the  authors,  this  paper  represents  the  first  rigorous  analysis  of  short-pulse 
scattering  from  complex  buried  targets  (there  are  examples,  however,  in  which  transient 
scattering  has  been  considered  for  specialized  antenna  and  buried-target  geometries). 

V.  Technology  Transfer 

The  computer  models  developed  under  this  program  have  been  delivered  to  the  Army 
Research  Laboratory  (Adelphi,  MD) 


